A B S T R A C T Thyrotropin-releasing hormone (TRH)-degrading activity was investigated in human cord, maternal, and euthyroid adult sera by measuring (a) the rate of disappearance of TRH and (b) the rate of formation of degradation products. The rate of TRH degradation in cord and maternal sera was 25-33% of that in euthyroid adult serum. Concomitantly, in cord and maternal sera, the rate offormation ofproline, a major TRH degradation product in serum, was one-quarter to onethird that in euthyroid adult sera. The differences were highly significant (P <0.001). The decreased levels of TRH-degrading activity in cord and maternal sera cannot be explained by (a) the presence of a dialyzable inhibitor, (b) the absence of an activator of TRH degradation, or (c) a reversal of the degradation process. There was no difference in the types of radioactive degradation products formed by cord, maternal, and euthyroid adult sera.
INTRODUCTION
Recent studies have focused on differences in thyroid physiology in infants and adults. In human cord serum, Received for publication 21 July 1977 and in revised form 8 December 1977. triiodothyronine (T3)1 is below adult standards (1), thyroxine (T4) is at the upper level ofadult standards (2) , and thyrotropin-stimulating hormone (TSH) (3), reverse T3 (4), and thyroxine-binding globulin are above adult standards (5) . In the newborn infant, T3 and T4 levels rise to greater than adult values and then decline to normal adult values during development (2) .
An important question concerning the regulation of perinatal thyroid function is the physiologic role of thyrotropin-releasing hormone (TRH) and the factors affecting TRH activity. Serum degradation is one way in which TRH activity may be regulated. Adult serum contains a potent TRH inactivation system (6-8), but we have recently observed that the plasma of neonatal rats does not degrade TRH extensively (9) . Hence, it was of interest to measure the level of TRH-degrading activity in humans at birth.
METHODS
Serum collection, storage, and stability of TRH-degrading activity Mixed arterial-venous cord blood was collected from normal newborn infants at delivery. Maternal samples were taken on admission to the labor floor or at the time ofdelivery. All were normal term pregnancies ofpatients at the Boston Hospital for Women, Boston, Mass. Serum was collected from adults judged to be euthyroid by T3, T4, and TSH. For some assays, the following serum pools were used: nonpregnant euthyroid adult, 'Abbreviations used in this paper: T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyrotropin stimulating hormone;
ternal, 10 females.
Serum was stored frozen at -12°C. Serum TRH-degrading activity was stable for at least 2 mo at -12°C. Assays of sera before and after freezing showed that no loss in TRH-degrading activity occurred after the first f'reeze/thaw cycle, but five freeze/thaw cycles over a 2-mo period resulted in a 10% loss of activity.
Measurement of TRH-degrading activity
Radioimmunoassay for TRH disappearance. Serum (200 gl) was added to 800 ul of a buffer solution (0.25% bovine serum albumin, 150 mM NaC], 10 mM Na phosphate, pH 7.5) containing 2 ,ug ofTRH. Duplicate samples were incubated at 37°C; 100 ,lI aliquots were withdrawn at 15, 30, 60, 90 and 120 min, diluted to I ml with the bovine serum albumin, NaCI, phosphate buffer, and the tubes were immediately placed into a boiling water bath for 3 min. The samples were then diluted further for TRH radioimmunoassay, which was conducted as previously described (9 (11) . Strips were cut into 0.5-cm sections and transf'ere(d to counting vials. The sections were covered with 1 ml of'50 mM NaCl; after gentle shaking for 1 h, 10 ml of li(quid scinitillation solution (12) was added. Vials were counted for 10 min. TRH degraded was calculated by adding the radioactivity in the TRH sections and comparing it with that obtained from a control incubation with heat-inactivated serum (30 min, 55°C) (6) (7) (8) . 90% of the applied radioactivity was recovere(I on the strips. The sum of the strip sections for TRH (4-5.5 cm from the origin), proline (0.5-2.0 cm), dipeptide-containing proline (6-7 cm), deamido-TRH (2.5-3.5 cm), and prolineamide (8-11 cm) accounted for 95% of the recovered radioactivity. The remainder of the radioactivity was located at the origin; this corresponds to an impurity in the [3H-Pro]TRH which is not completely removed upon purification (10) . No other peaks of radioactivity were observed. The positions of'TRH and the degradation products were identified by comparison with standards stained with Pauly reagents or with ninhydrin. Standards of 3H-Pro (New England Nuclear) and [3H-Pro]TRH were also used.
Measurement of the major degradation product, proline, by a rapid Dowex 50 separation procedure. Incubation conditions were identical to those described for the paper electrophoresis procedure, except that the incubation solution contained 250 (Table I ). The fourfold difference in rates of TRH degradation between cord and euthyroid adult sera and between maternal and euthyroid adult sera is in very good agreement with that measured by the radioimmunoassay procedure.
The formation of proline and proline-containing degradation products is shown in Table I (15) (16) (17) .
TRH-degrading activity in serum can also be quantitated in terms of proline produced during TRH degradation; a rapid and sensitive procedure has been Al/h in euthyroid adult serum (Table II) . For females, the rates of proline production were 2.12+0.90 in cord serum, 9 .14+3.99 in euthyroid adult serum, and 3.19±+1.30 pmol proline/,ul/h in maternal serum (Table  II) . The differences between cord and euthyroid adult and between maternal and euthyroid adult are highly I TSH adult normal range = 0.2 to 3.5 AU/ml. § Total T3 adult normal range = 75-175 ng/100 ml.
"Compared to euthvroid adult, P < 0.001. significant (P < 0.001). No significant differences have been observed between male and female sera within groups.
All of the cord samples (it = 15) contained levels of TRH-degrading activity below those in adult nonpregnant individuals. The range of TRH-degrading activity was smaller in cord serum (1.31-3.87 pmol proline/,l/h) than in euthyroid adults (4.1-20.7 pmol proline/pl/h). In the adult samples studied, there was no correlation between TRH-degrading activity and the age of the individual (18-77 yr for females and 26-73 yr for males). The wide range of TRH-degrading activity in euthyroid adult serum confirms the observation of Bassiri and Utiger (8) and Dupont et al. (18) . The elevated TSH and low T3 levels in cord serum (Table II) are consistent with what has been reported (1-3) .
A wider range of TRH-degrading activity was found in maternal sera (1.21-5.23 pmol proline/,l/h) than in cord sera. Of the 11 maternal patients studied, 3 were in the low region of the euthyroid adult range and 8 were below the euthyroid adult range. The normal levels of TSH and T3 in maternal serum are consistent with previous reports (1-3) .
In an attempt to explore possible reasons for the decreased levels of TRH-degrading activity in cord and maternal sera, the following experiments wvere conducted. (a) Cord and maternal sera pools were dialyzed exhauistively at 4°C against 100 mM Na phosphate, pli 7.4. TRH-degrading activity in cord sera was 1.98 before dialysis and 1.76 pmol proline/,ul/h after dialysis.
In maternal sera, TRH-degrading activity was 2.99 before dialysis and 2.88 pmol proline/,l/h after dialysis. Under similar conditions, TRH-degrading activity in euthyroid adult serum wvas 9.40 before dialysis and 9.25 pmol proline/ul/h after dialysis. (b) 'Maternal or cord serum pools were mixed separately with an equal volume of a euthyroid adult serum pool before assay. In the Thyrotropin-Releasing Hormone-Degrading Activity in Cord and Maternal Sera mixed maternal-euthyroid adult sample, a total of 52.8 pmol proline was produced during a 90-min incubation at 37°C; the sum of the maternal and euthyroid adult pools assayed separately was 51.6 pmol proline. Similar results were obtained when cord serum was mixed with euthyroid adult serum. (c) Pools of cord, maternal, or euthyroid adult sera were incubated with 5 uM pGluHis and 5 uM proline, containing a trace amount of [3H]proline, and the reaction mixtures were analyzed by paper electrophoresis; no peaks of radioactivity were detected in the regions corresponding to deamido-TRH or TRH. DISCUSSION TRH-degrading activity in serum has been assessed by measuring both substrate (TRH) disappearance and product (proline) formation. The results of three independent assay procedures are in very good agreement. Cord and maternal sera degrade TRH at 25 to 33% the rate of euthyroid adult serum; concomitantly, cord and maternal sera form degradation products at one-quarter to one-third the rate of euthyroid adult serum.
The low levels ofTRH-degrading activity in cord and maternal sera, as compared to nonpregnant individuals, cannot be explained by the presence of a low-molecular weight inhibitor of degradation or by the absence of an activator of degradation. Neither dialysis of the sera nor mixing cord or maternal sera with serum containing normal levels of TRH-degrading activity gave an increase in TRH-degrading activity. Furthermore, it is unlikely that the decreased levels of TRH-degrading activity in cord and maternal sera result from a reversal of TRH degradation. A reverse reaction has been reported in hypothalamic tissues, but not in serum (15) . When an inhibitor of TRH degradation, pGlu-His-OCH3, was incubated with hypothalamic extracts and [14C]proline, deamido-TRH production was observed (15) . However, no accumulation of deamido-TRH was observed when porcine serum was incubated with [3H-Pro]TRH and pGlu-His-OCH3 (15) . We were unable to detect a reverse reaction between pGlu-His and proline in cord, maternal, or euthyroid adult sera. Thus, it appears that serum degradation of TRH differs from that of brain tissue (15) .
There is no difference in the types of radioactive degradation products formed by cord, maternal, and euthyroid adult sera. Proline is a major product in all three sera (Table I ). The identity of proline has been confirmed by thin-layer chromatography.2 Proline is also a major product of TRH degradation in porcine and rat sera (15, 19) . Furthermore, the relative amounts of proline and a secondary product, a dipeptide-containing proline, are identical for all three serum pools (Table I ). Since two possible degradation products, Glu-His-Pro-NH2 and Glu-His-Pro, have not been utilized in these studies, it is possible that one of these tripeptides may be the minor product shown in Table  I . At present, there is no conclusive evidence for either of these tripeptides as serum degradation products. Redding and Schally (20) injected radioactive TRH into rats and, after 1 and 6 min, a radioactive product was found in serum which co-chromatographed with GluHis-Pro. By contrast, Knigge and Schock (19) did not detect Glu-His-Pro after incubating [3H-Pro]TRH with rat serum for 20-60 min. Studies are now in progress to elucidate the structure of the proline-containing minor degradation product and to determine whether it is an end-product of TRH degradation or an intermediary in the formation of proline.
The significance of the low levels of TRH-degrading activity in cord and maternal sera is not clear. The role of TRH and factors affecting its activity during the perinatal period have not been defined. TRH is present in the fetal hypothalamus (21) and in the placenta (22) . It is also of interest that TRH (23) (24) (25) , TRH receptors (26) , and TRH-degrading activity (16) (18, 27, 28 
